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(57) In a mobile communication system (T1) a data 
transmission determining means (DTDM) located in a 
subscriber station (MS) estimates a predetermined time 
interval in which no-data transmission will be directed 
from the base transmitter station (RBS) to said subscrib- 
er station (MS). An IF measurement means (IFMM) per- 
forms inter-frequency measurements necessary for 
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handover procedures in the predetermined time interval 
in which no data transmission takes place. The deter- 
mination of the no-data transmission is done autono- 
mously by the subscriber station (MS) without the need 
of exchanging signalling or other data with the neiwork 
control means (RNC). The invention is particularly use- 
ful for CDMA, WCDMA and TDMA mobile radio commu- 
nication systems. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a subscriber station 
and a method for carrying our inter-frequency measure- 
ments in a mobile communication system. The invention 
also relates to a mobile communication system in which 
such a subscriber station and such a method are em- 
ployed. 

[0002] As will be explained with more details below, 
in a mobile communication system transmission condi- 
tions on a connection (communication connection or 
signaling connection) between a subscriber station and 
a base transmitter station are monitored and the need 
for an inter-frequency or inter-system handover is de- 
tected, e.g. when the transmission conditions deterio- 
rate. When the need for an inter-frequency or inter-sys- 
tem handover is detected, an inter-frequency measure- 
ment trigger signal is generated to indicate the need for 
an inter-frequency or inter-system handover and to ini- 
tiate inter-frequency measurements on a different fre- 
quency than currently used. In response to the trigger 
signal inter-frequency measurements are carried-out on 
one or more different frequencies and if a suitable new 
frequency has been found the actual an inter-frequency 
or inter-system handover takes place. Hereinafter, the 
term "handover" is used to designate an inter-frequency 
handover or an inter-system handover, even if not ex- 
plicitly stated. 

[0003] When a connection is established between the 
base transceiver station and the subscriber station, 
even if only a signaling connection is established with 
the subscriber station being in an active-mode of oper- 
ation, there always exists some data traffic on the con- 
nection and the subscriber station and the network must 
must carry out inter-frequency measurements when no 
data is transmitted, since otherwise some of the com- 
municated data on the connection will be lost. Another 
important aspect is when and how the inter-frequency 
measurement trigger signal should be generated by the 
network to initiate the inter-frequency measurements. It 
should be noted that the inter-frequency measurements 
themselves are, however, always carried out in the sub- 
scriber station in response to the inter-frequency meas- 
urement trigger signal. 

[0004] The present invention in particular addresses 
the problem which time interval should be used in the 
subscriber station for carrying-out these inter-frequency 
measurements. 

[0005] Hereinafter inter-frequency will be abbreviated 
with "IF". 

BACKGROUND OF THE INVENTION 

[0006] With respect to a conventional method for trig- 
gering IF-measuremerts in a mobile communication 
system, Fig. 1 shows a general overview of a telecom- 



munication system TELE which comprises at least two 
different mobile communication systems T1, T2. A sub- 
scriber station, e.g. a mobile station MS, which is oper- 
able in the first mobile communication system T1, may 

5 also be operable in the second mobile communication 
system T2. Within each mobile communication system 
T1 , T2 the mobile station MS can move around different 
cells S1, S2, S3, S1\ S3' and C1-C6. Due to different 
handover criteria the mobile station MS may perform an 

10 inter-frequehcy handover Within the same system or an 
inter-system handover to/from the other system. It 
should be noted that the present invention is equally well 
applicable for triggering an inter-frequency handover 
within the same system and/or an inter-system hando- 

*s ver and Fig. 1 only shows two mobile communication 
systems Tl , T2 as an example where both such hando- 
ver procedures may take place. 

[0007] Fig. 1 shows as an example for the first mobile 
communication system T1 a WCDMA (Wideband Code 

20 Division Multiple Access) or CDMA (Code Division Mul- 
tiple Access) communication system comprising a net- 
work control means RNC (Radio Network Controller), at 
least one base transceiver station RBS, RBS' (in WCD- 
MA called radio base station), at least one subscriber 

25 station MS (Mobile Station) as well as a number of (pos- 
sibly) overlapping cells S1, S2, S3, Sl\ S3'. 
[0008] An example for the second mobile communi- 
cation system T2 is a communication system according 
to the GSM (Global System for Mobile Communica- 

30 tions), PDC (Packet Digital Cellular) and D-AMPS (Oig- 
ital-Advanced Mobile Personal Service) standards. 
[0009] In Fig. 1 an example of a GSM system is shown 
for the second mobile communication system T2. How- 
ever, it should be noted that the invention can in principle 

3S be applied to any type of digital mobile telephone system 
and is as such not restricted to the aforementioned sys- 
tems. The GSM system shown in Fig. 1 comprises the 
conventional units of a base station controller BSC, at 
least one mobile switching center MSC as well as a 

40 gateway mobile switching center GMSC. The mobile 
stations MS are served by a plurality of base transceiver 
stations BTS within the cells C1 -C6 in which the mobile 
station MS can move around. 

[0010] The network control means RNC of the WCD- 
45 MA system in Fig. 1 is connected via a UMSC unit to the 
gateway mobile switching center GMSC of the GSM 
system. 

[0011] Depending on the geographical layout of the 
first and second mobile communication systems T1 , T2 

so the cells S1 , S2, S3, S V, S3 1 of the first mobile commu- 
nication system T1 may also completely or partially 
overlap with the cells C1 -C6 of the second mobile com- 
munication system T2. Of course, if the mobile station 
MS is to carry out an inter-system handover - then the 

ss mobile station MS will be able to operate according to 
the specifications of the first and the second mobile 
communication system. 

[0012] One reason for performing inter-frequency or 
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inter-system handovers in the telecommunication sys- 
tem TELE in Fig. 1 may be due to coverage reasons. 
This is due to the fact that neither the first communica- 
tion system nor any other system has a complete cov- 
erage in all geographical areas, e.g. hot spots in UMTS. 
Furthermore, some cells within the mobile communica- 
tion system may operate on frequencies which are not 
applicable in adjacent cells. Therefore, by letting the mo- 
bile station MS or the network control means RNC per- 
form either an inter-frequency handover of an inter-sys- 
tem handover, the mobile station MS can be used in a 
larger area without interruptions in the communication. 
[0013] Another reason for the handover may be ca- 
pacity reasons. Either the mobile communication sys- 
tem or other mobile communication systems may be- 
come heavily loaded at times, so 81 at an inter-system 
handover may be required. Analogously, the mobile sta- 
tion MS may have established a connection on a partic- 
ular frequency and it may be necessary that another fre- 
quency is to be used. This other frequency may be 
present within the same cell or in another cell and both 
are generally termed inter-frequency handover. As indi- 
cated in Fig. 1 , the inter-frequency measurements (nec- 
essary for an inter-frequency handover/or an inter-sys- 
tem handover) is always carried-out by an inter-frequen- 
cy measurement means IFMM situated in a mobile sta- 
tion MS. 

[0014] The network control means RNC comprises a 
paging flag sending means PFSM for sending a paging 
flag to the mobile station MS when a signalling commu- 
nication link has already been established between the 
subscriber station MS and the network. For example, 
when the mobile station MS has been switched on and 
has been registered in the network, the subscriber sta- 
tion is in a registered and non-active mode of operation. 
A standby operation means SOM holds the subscriber 
station in such a n on -active mode of operation. In such 
a non -active mode of operation the ooeration of the sub- 
scriber station MS is invoked by receiving the paging 
flag PF from the network control means RNC, namely 
when a call is pending for the subscriber station SS and 
when a communication connection is to be set up to the 
subscriber station MS. 

[0015] Fig. 2 shows a general flow chart of a method 
for carrying-out an inter-frequency or inter-system 
handover in a mobile communication system when a 
signaling connection or a communication connection is 
setup. Instep ST11 a handover means HORM (HandO- 
veR Means) situated in the network control means RNC 
or the mobile station MS monitors the network perform- 
ance regarding the capacity/coverage aspects as ex- 
plained above. In step ST12 the handover means 
HORM decides whether in principle a handover is nec- 
essary according to the criteria determined in step ST11 . 
If so ("Y" in step ST12), the mobile station is triggered 
to perform inter-frequency measurements in step ST1 3. 
More particularly, in step ST1 3 an IF measurement trig- 
ger signal IFTS is output by the handover means 



HORM. As indicated in Fig. 1, the IF -measurements 
means IFMM can be triggered by a mobile-evaluated- 
handover trigger signal IFTS or a network-evaluated- 
handover trigger signal IFTS in step ST13. 

$ [0016] In order to perform a fast and reliable inter-fre- 
quency handover when there is the need for such a 
handover, it is advantageous to provide the outputting 
of a reliable trigger signal IFTS in either the network con- 
trol means RNC and/or in the mobile station MS. Of 

10 course, in order to provide a well-designed trigger pro- 
cedure, there is not a single triggering condition that 
needs to be monitored in step ST1 1 and which will even- 
tually trigger the mobile station MS to perform IF-meas- 
urements on other frequencies or systems. Usually, a 

is couple of conditions are monitored in step ST11 and 
must be fulfilled that the trigger signal is output in step 
ST13. Such conditions may for example comprise an 
excessively high output power from either the down-link 
(networkto subscriber station) connection or the up-link 

20 (subscriber station to network) connection and/or a high 
load in the cell. If for example the network detects by 
measuring the uplink-interference a high load in the cell, 
it will attempt to trigger !F-measurements and thus a 
handover to a different cell or a different system. Like- 
ns wise, if transmission conditions deteriorate, the. mobile 
station MS is triggered to more and more increase its 
output power and therefore a high output power also in- 
dicates the need for IF -measurements and thus the 
need for a handover. 

30 [0017] The prior art reference TS 25 231 VO.3.0, tech- 
nical specification: Third Generation Partnership Project 
(3GPP); Technical specification group (TSG), radio ac- 
cess network (RAN); working group 1 (WG 1); Physical 
Layer-Measurements in the IS 95 standard, dated June 

35 1 g99 (hereinafter referred to as reference [1]) describes 
in particular in chapters 3., 4., 5.1.2 a number, of con- 
ventional measurement trigger criteria. In the mobile 
communication system described in reference [1] both 
a n etwork handover means HORM and a subscriber sta- 

40 tion handover means HORM monitor the performance 
of the radio-link (RL) and can request a handover. For 
example, the network handover means HORM monitors 
the down-link by measurement reports from the sub- 
scriber station MS. The network handover means 

45 HORM also monitors the traffic load. As explained 
above, a hand-over evaluated by a mobile station MS is 
called a mobile-evaluated hand-over, abbreviated ME- 
HO. A hand-over evaluated by the network is called a 
network- evaluated hand-over, abbreviated NEHO. As 

so indicated in Fig. 1 , since the mobile station MS and the 
network control means RNC each comprise a handover 
HORM each can initiate a handover according to the 
triggering conditions which are respectively monitored. 
The four basic criteria du ring the monitoring in step ST1 1 

ss in the prior art are the "base station traffic load exceed- 
ed" condition, the "distance limits exceeded" condition, 
the "pilot strength below a predetermined threshold" 
condition and the "power level exceeded" condition as 
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will be explained below and as is described in the afore- 
mentioned reference [1]. 

[0018] Firstly, regarding the condition "base station 
traffic load exceeded*, the network handover means 
HORM determines the necessity for a handover by mon- 
itoring loads at all base stations BS in the mobile com- 
municaton system T1 and outputs the IF measurement 
signal IFTS in order to balance loads between all base 
stations, in order to achieve a higher traffic efficiency. 
For example, the network handover means HORM out- 
puts the trigger signal in step ST1 3 whenever the load 
at a base station exceeds a predetermined load thresh- 
old. 

[0019] Secondly, regarding the condition "distance 
limits exceeded" the subscriber handover means and/ 
or the network handover menas HOM are adapted to 
determine the necessity for the handover on the basis 
of a supervision of the distance between a base station 
BS and the subscriber station MS. The distance be- 
tween the relevant base station and the subscriber sta- 
tion can be determined in a synchronized system. 
Therefore, the trigger signal IFTS is output in step ST1 3 
whenever the measured distance exceeds a predeter- 
mined distance. 

[0020] Thirdly, regarding the condition "pilot strength 
below a predetermined threshold", the subscriber 
handover means and/or the network handover means 
are adapted to determine the necessity for a handover 
on the basis of a supervision of a measured pilot signal 
strength falling below a predetermined power threshold. 
As is illustrated in Fig. 3-1 and in Fig. 4-1 , in modern 
mobile communication systems a data transmission be- 
tween a base transceiver station RBS and a subscriber 
station MS is carried-out by transmitting data frames FR 
and the transmission frames FR consist of a control por- 
tion CP and a data portion DP. This is true for CDMA 
frames (Fig. 3-1) and TDMA frames in GSM (Fig. 4-1). 
The control portion CP consists at least of pilot symbols 
PS and preferably also of other control symbols CS. For 
example, each base station BS may transmit a pilot sig- 
nal PS of constant power on the same frequency. The 
subscriber station MS can monitor the received power 
level of the received pilot signal and can thus estimate 
the power loss on the connection between the base sta- 
tion BS and the subscriber station MS. Using the pilot 
signal strength for estimating the path loss, the subscrib- 
er handover means HORM outputs the trigger signal 
IFTS in step ST13 if the path loss is greater than a pre- 
determined path loss threshold. 

[0021] Fourthly, regarding the condition "power level 
exceeded 1 the subscriber handover means and/or the 
network handover means are adapted to determine the 
necessity for a handover on the basis of a supervision 
that in response to a power increase command by a 
base station BS a subscriber power adjustment module 
PAM (shown in Fig. 1 in the mobile station MS) is unable 
to further increase its power on the up-link of the com- 
munication connection CC. 



6 

[0022] Fig. 5a-d~show such a conventional adjust- 
ment of the transmission power when exchanging 
frames FR consisting of a number of time slots TS1... 
TS15 between a base transceiver station (generally 

s called node 'B') RBS and a subscriber station MS. A 
power adjustment module PAM in the base transceiver 
station (node "B") RBS presets an upper threshold PUP, 
a lower threshold PDWN and an offset value POFF for 
the power. The power offset value POFF is used in con- 

io nection with a stow powercontrol and the upper and low- 
er threshold values PUP, PDWN are used in connection 
with a fast power control in the node B. 
[0023] The slower power control and the fast power 
control as illustrated in Fig. 5b is carried out according 

*s to the flow chart in Fig. 5c. Steps P1, P2 relate to the 
slow power control (the outer control loop) carried out 
on the RNC-side or the MS-side. In step P1 the frame 
error rate FER (or the block error rate BLER) is meas- 
ured and in step P2 the measured FER (or the BLER) 

20 js compared with a FER target value (or a BLER target 
value). In step PS a new signal interference ratio target 
value SIR-target is obtained. As shown in Fig. 5d, a 
known (simulated) relationship between a 
defta_SIR_target value (dB) and the logarithm of the 

2S measured FER value exists. Between two threshold val- 
ues UL_delta_SIR_2and UL_delta_SIR_1 a predeter- 
mined "working area" exists. This relationship is known, 
i.e. simulated beforehand. As indicated in Fig. 5d, de- 
pending on the measured value log (measured FER) a 

30 value delta_SI Retarget* is read out. A new SIR_target 
value SIR_target is calculated according to the following 
equation: 

5S SI R_target=SI R_target + delta_SI R_target* 

[0024] Thus, the outer loop or slow power control will 
generate in step P8 new SIR-target values whenever 
steps P1 , P2 are executed. The new SIR-target value is 
*o then used in the fast powercontrol (inner loop) carried 
out on the node B-side or the MS-side. respectively. 
[0025] In step P5 the SIR (Signal-to-interference ra- 
tio) per slot is measured and in step P4 the measured 
SIR value is compared with the (current) SIR-target val- 
45 ue as obtained in step P8. If the measured SIR value is 
greater than the current SIR-target value, then a de- 
crease command is sent to the mobile station MS/net- 
work, i.e. the transmission power control parameter 
TPC is set to TPC = a 00" in step P7. When the measured 
so SIR value is smaller then the (current) SIR-target value 
in step P4, then an increase command is sent to the mo- 
bile station MS/network in step P6 by setting the trans- 
mission power control parameter TPC to TPC = "11 \ 
[0026] As illustrated in Fig. 5b, the slow power control 
55 and the fast power control result in a stepwise adjust- 
ment of the power Pout on the downlink DL. Since the 
slow power control performs steps P 1 , P2 for calculating 
the frame error rate FER (or block error rate BLER) for 
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every frame (or block) a new SIR-target value is ob- 
tained less frequently than the fast power control carried 
out with steps P5 t P4 t P6, P7 for each slot 
[0027] The offset value P off and the upper and lower 
threshold values P up , P dwn are also used in the power 
adjustment. For example, when the output power P^ 
exceeds the upper threshold P up then the offset value 
P off is slightly increased and when the power is lower 
than the lower threshold the offset value P off is 
slightly decreased. The stepwise adjustment of the pow- 
er is always performed within the power range between 
P dtm and P up . Since the values P 3ff P up and P^ are 
only used for the triggering of a scft-handover, they are 
not of any further relevance for the present invention and 
any further descriptions thereof are therefore omitted. 
[0028] As explained above, in the fourth condition 
"power level exceeded" the node B (the base station BS) 
commands the subscriber station MS to increase its 
power and if the power adjustment module PAM in the 
node B notices that there is no further increase of power 
in response to a power increase command TCP, the net- 
work handover means HORM may request a measure- 
ment by issuing the IF trigger signal. 
[0029] Regarding the above described four different 
conditions, there are a number of significant disadvan- 
tages and some of the four described conditions can not 
even be implemented in future wideband code division 
multiple access systems (WCDMA). 
[0030] Whilst reference [1] relates to the IS-95 stand- 
ard and describes a synchronized CDMA system, refer- 
ence [2]: TS 25.201 V2.1.0 : a third generation partner- 
ship project (3GPP); technical specification group 
(TSG); radio access network (RAN; working group 1 
(WG1); physical layer-general description, dated June 
1999, describes a non-synchronized WCDMA system, 
in particular the multiple access used therein. In a syn- 
chronized system like the one described in reference [1 ] 
either the base station BS or the subscriber station MS 
can still estimate the distance between them (second 
trigger condition). This is possible since the chip rate on 
the pilot channel and all channels are synchronized 
(locked) to a precise system clock. This is in reference 
[1] accomplished by using a global positioning system 
(GPS). However, due to muitipath propagation delay 
and shadowing between the base station BS and the 
subscriber station MS, the estimated distance may be 
erroneous. Therefore, the second condition "distance 
limits exceeded" may not be very accurate. 
[0031] In condition 3 "pilot strength below a predeter- 
mined threshold" the subscriber station MS must per- 
form measurements fortriggering IF measurements and 
thus for triggering a handover. These continuous meas- 
urements of the pilot signal strength may drastically re- 
duce the lifetime of the battery of the subscribers station, 
since the subscriber station MS must perform an aver- 
age filtering of the pilot channel during a predetermined 
measurement time. The decrease of the lifetime of the 
battery is to be avoided in all circumstances, since there 



are already a lot of measurements that must be per- 
formed by the subscriber station, e.g. the IF measure- 
ments on other frequencies when the IF measurement 
trigger signal IFTS has been issued. Furthermore, the 

s subscriber station MS has to report the pilot signal 
strength measurements in some form over the air-inter- 
face to the base transceiver station RBS (node B) and 
to the network control means RNC and this will addition- 
ally increase the interference level on the up-link UL as 

10 well as the signaling load in the network. Therefore, a 
load estimation according to the first condition "base 
station traffic load" when used in connection with the 
third condition "pilot strength below a predetermined 
threshold" may cause more signalling due to the in- 

15 creased signaling in an air interface of the network. 
[0032] Therefore, the major disadvantage of the prior 
art trigger mechanisms is that some of the conditions 
cannot be used in synchronized or n on -synchronized 
systems, that the lifetime of the battery is reduced and 

20 that the interference level on the up-link UL as well as 
the signaling load in the network is increased. 
[0033] Returning to Fig. 2, in response to an IF meas- 
urement trigger signal IFTS (generated by the subscrib- 
er handover means HORM or the network handover 

25 means HORM), the subscriber station will perform IF 
measurements in a given time interval in step ST21 . As 
explained above, in order to perform a fast and reliable 
inter-frequency handover, it is advantageous to let the 
subscriber station MS perform signal quality measure- 

30 ments on a different frequency, e.g. in a target cell or in 
a different system, and to report these to the network 
control means RNC, such that the network control 
means RNC can base its handover decisions, as to 
which cell the subscriber station MS is to be handed 

3S over, on these reported signal quality measurements. 
As explained below, the performing of IF-measurements 
in the subscriber station MS is not a trivial task. For ex- 
ample, in CDMA and FDMA systems the receiver of the 
subscriber station MS is normally busy receiving infor- 

40 mation on the current frequency and thus some meas- 
urement time has to be created in some way in such 
systems in order to allow inter-frequency measure- 
ments without a drastic loss of data. Conventional meth- 
ods for determining a time interval in which field meas- 
es urements are carried out will be described below as ref- 
erence to Fig. 3-1, 3-2, Fig. 4-1, 4-2 and Fig. 6. 
[0034] As already discussed above with reference to 
Fig. 3-1, in a CDMA communication system the data 
communication is performed by exchanging data 

50 frames FR consisting of a plurality of time slots TS1„ 
TS 1 5. Each time slot comprises a control portion CP and 
a data portion DP. As described in the aforementioned 
reference [2] and as also indicated with step ST21' in 
Fig. 3-2 and in Fig. 3-1 , it also possible to carry out the 

55 data transmission in a compressed mode (also called 
slotted mode) in order to create some time for the IF 
measurement. For this purpose the network control 
means RNC comprises a compressed mode setting 
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means CMSM in which the data contained in the data 
portion DP is compressed, i.e. concentrated to a smaller 
part of the frame, resulting in an idle time portion ITP. 
The subscriber station MS comprises a compressed 
mode determining means CM DM which determines i.e. 
realizes - being informed about the compressed mode 
of transmission via signalling or some information sent 
from the compressed mode setting means CMSM of the 
network control means RNC - the compressed mode of 
operation. If such a compressed mode of operation is 
detected, the subscriber station MS enters a com- 
pressed mode of operation and performs the IF meas- 
urements in the idle time IT in step ST21 D in Fig. 3-2. 
[0035] In a CDMA system such a concentration of in- 
formation is achieved by reducing the processing gain 
G = chips/information bits = 1/SF, e.g. by decreasingthe 
spreading factor SF. Another possibility how the concen- 
tration of information can be achieved is by changing 
the channel coding scheme, e.g. from r = 1/3 to r = 1/2. 
Due to the compressed mode of operation a time inter- 
val IT is generated in which the IF measurements can 
be carried out by the IF measurement means IFMM in 
the subscribed station MS. 

[0036] Fig. 4-1 and steps SC2l m and ST21" show an- 
other possibility of how a time interval can be provided 
in which the field measurements can be carried out. In 
a GSM system, a specific time slot FMS of a frame con- 
sisting of a plurality of TDMA time slots TS1...TS-M is 
specified and the field measurements are carried-out in 
the portion FMP. That is, in a GSM system a predeter- 
mined field measurement slot is provided in which no 
data is sent from the network control means or the base 
station transmitter to the subscriber station MS. 
[0037] A further approach how an idle time interval 
can be provided is described in reference [1 ] for the case 
when an inter-system handover should be carried-out. 
In this case, as illustrated in Fig. 6, the subscriber station 
MS does not perform any measurements on another 
system and instead the other system transmits a pseu- 
do-noise PN sequence which is received by the sub- 
scriber station MS on the same frequency on which the 
subscriber station MS already communicates. When the 
power of this PN sequence exceeds a predetermined 
threshold during a predetermined trme : compared to 
other PN sequences : an inter-system handover is car- 
ried-out. 

[0038] As shown in Fig. 2 and in Fig. 3-1 , 4-1 , the net- 
work control means RNC triggers the mobile station and 
step ST13 to perform the IF measurements and it will 
also indicate to the subscriber statin MS on which fre- 
quency belonging to a different cell or a different system 
said IF measurements are to be carried-out. The sub- 
scriber station SS will report the IF measurements back 
to the network control means RNC within a predeter- 
mined time. Then, in step ST22, the network control 
means RNC will determine whether a handover to the 
selected frequency (cell or different system) is possible. 
If it is not possible, because for example a too high in- 



terference is detected on the new frequency, the net- 
work control means selects a new target cell (frequency) 
in step ST23and the IF measurements are repeated by 
the subscriber station MS in step ST21 . Furthermore, 

s the network control means RNC can order the subscrib- 
er station MS to perform a periodic search or a single 
search. Such a procedure is for example described in 
reference [1 ] for asynchronized communication system. 
[0039] In some systems like CDMA 2000 the sub- 

io scriber station MS not only reports the IF measurements 
back to the network control means, but it also indicates 
to the network control means RNC how long (time-wise) 
and when (the starting time) the subscriber station MS 
will be able for performing the desired IF measurements. 

15 If the network control means RNC has knowledge of the 
time-interval in which the subscriber station MS intends 
to perform the IF measurements, then the network con- 
trol means RNC can make some provisions to compen- 
sate for data frames, which would be sent by the network 

20 control means RNC, but which the subscriber station 
MS would not process in the time interval in which ft per- 
forms the IF measurements. That is, actually data 
frames will get lost in the time period in which the sub- 
scriber MS performs the field measurements unless fur- 

25 ther provisions are made. 

[0040] One possibility is that the network control 
means RNC increases the power before or after the 
measurement time interval or the intervals. Since the er- 
ror rate is always evaluated over a plurality of data 

30 frames, such an increase of power before and after the 
measurement time interval enables to keep the overall 
quality for error rate to an average level which will not 
exceed the requirements of an average error rate. On 
the other hand, a similar situation occurs on the side of 

35 the subscriber station MS, i.e. it will not be possible for 
the subscriber station MS to transmit data frames in the 
measurement time interval. Therefore, also the sub- 
scriber station MS may compensate possible unsent 
frames by increasing the power before and after the de- 

40 termined measurement time interval Therefore, on the 
side of the subscriber station MS and on the side of the 
network control means RNC the quality of the received 
is increased. However, the above described procedures 
(which are generally used in CDMA 2000 and IS'gS) for 

45 providing a given time interval in which the mobile sta- 
tion MS is to carry-out field mesurements in step ST21 , 
the PN sequence transmission and the compensation 
for erased frames by increasing the power, still exhibit 
some major drawbacks when implemented in the sys- 

50 tern as explained below. 

[0041 ] In addition, the WCDMA procedure of carrying- 
out field measurements in connection with the com- 
pressed mode of operation has the following disadvan- 
tages, in particular for the system. If the spreading factor 

55 SF in the down link DL is reduced to provide the idle 
time interval IT in which the subscriber station MS is to 
perform the field measurements on other systems, the 
available channelization codes are reduced. That is, the 
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hard capacity for the CDMA system is decreased. 
[0042] On the other hand, if the channel coding rate 
is increased for a certain time period, a complicated 
code-rate apparatus must be implemented in the net- 
work control means RNC, since a CDMA system can 
carry services with different coding schemes and differ- 
ent interleaving depths on the same radio link. 
[0043] Furthermore, the subscriber station MS has to 
increase its output power when measurements are per- 
formed due to the compressed mode operation, since 
the same data information is transmitted during a small- 
er time period, i.e. in the compressed data period. If the 
output power of the subscriber station MS and/or base 
transceiver station RBS would not be increased, the per- 
formance will be decreased. However, this requirement 
to increase the peak power of the subscriber station MS 
may imply a distance limitation if the subscriber station 
MS is already transmitting at its maximum output power. 
Furthermore, there is a higher risk to lose information, 
since the data field is not protected to the same extent 
when the coding rate is reduced. 
[0044] The procedure to use a PN sequence trans- 
mission as shown in Fig. 6 has the following disadvan- 
tages. In this case, all other existing mobile communi- 
cation systems have to be equipped with an apparatus 
which transmits a PN sequence which can be detected 
by the subscriber station MS. This will imply high costs 
for the operators (and thus for the end users). Moreover, 
the PN sequence used in the other mobile communica- 
tion systems will interfere with the CDMA systems and 
will reduce the capacity as well as the quality of data 
transmission. 

[0045] The last mentioned method of increasing the 
power before and after the measurement time interval 
has the disadvantage that there is a high risk that a loss 
of frames due to the measurement time interval will de- 
teriorate the speech quality in situations where speech 
quality is already very low, when it is likely that the sub- 
scriber station MS wants to do an inter-frequency 
handover close to a ceil border or when the cell (sector) 
exhibits a high load. 

[0046] Summarizing the above disadvantages of pro- 
viding a time interval for IF measurements according to 
the afore described prior art, such provisions of the 
measurement time interval will result in a decreased 
quality of service (e.g. due to loss of frames), require a 
complicated system modification (due to the incorpora- 
tion of PN sequence generators), and will shorten the 
lifetime of the battery in the subscriber station MS (if the 
power is increased before and after the time interval). 

SUMMARY OF THE INVENTION 

[0047] As explained above, the above described pro- 
cedures for triggering and carrying-out IF measure- 
ments in a mobile communication system are generally 
disadvantageous since the lifetime of the battery of the 
subscriber station MS is reduced (due to the specific 



triggering method use) and the quality of service of the 
data transmission is degraded (due to loss of frames) 
and the system configuration may become complicated 
(due to the incorporation of PN sequence generators). 
s The present invention aims at avoiding these disadvan- 
tages. 

[0048] In particular, the object of the present invention 
is to provide a subscriber station, a method and a mobile 
communication system in which the inter-frequency 

10 measurements carried out by the subscriber station do 
not lead to a deterioration of the quality of the service or 
a reduction of the lifetime of the battery without requiring 
a complicated system configuration. 
[0049] This object is solved by a subscriber station 

15 (claim 1) of a mobile communication system including 
an inter-frequency measurement means adapted to per- 
form IF measurements, characterized by a data trans- 
mission determining means adapted to determine a pre- 
determined time interval in which a base transceiver sta- 

20 tion will not direct to said subscriber station a data trans- 
mission, wherein said IF measurement means is adapt- 
ed to perform said IF measurements in said predeter- 
mined time interval. 

[0050] This object is also solved by a method (claim 
2S 14) for performing inter-frequency IF measurements in 
a subscriber station of a mobile communication system, 
characterized by the steps of determining a predeter- 
mined time interval in which a base transceiver station 
will not direct to said subscriber station a data transmis- 
30 sion; and performing said IF measurements in said pre- 
determined time interval. 

[0051] This object is also solved by a mobile commu- 
nication system (claim 28) comprising at least one sub- 
scriber station including an inter-frequency IF measure- 

35 ment means adapted to perform IF measurements and 
at least one base transceiver station for performing data 
transmissions with said subscriber station; character- 
ized by said subscriber station comprising a data trans- 
mission determining means adapted to determine a pre- 

40 determined time interval in which a base transceiver sta- 
tion will not direct to said subscriber station a data trans- 
mission, wherein said IF measurement means is adapt- 
ed to perform said IF measurements in said predeter- 
mined time interval. 

45 [0052] According to a first aspect of the invention a 
data transmission determining means is provided in the 
subscriber station in order to determine a predetermined 
time interval in which a base transceiver station will not 
direct a data transmission to a said subscriber station. 

so The IF measurements are then carried out in the sub- 
scriber station in this predetermined time interval in 
which no data transmission takes place. 
[0053] According a second aspect of the invention this 
determination of a time interval in which no transmission 

55 takes place is performed by determining the power ratio 
of the information contained in a data portion of a trans- 
mission frame to the information contained in the control 
portion of the data frame. If the power ratio is below a 
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certain threshold, a power estimation means deter- 
mines that no data transmission would take place in a 
time interval corresponding to a predetermined number 
of data slots following the output of an IF measurement 
trigger signal. 

[0054] According to a third aspect of the invention, the 
determination of the no-data-transmission interval is 
made by monitoring a paging flag sent from the network 
control means in a paging flag monitoring means of the 
subscriber station, the predetermined time interval cor- 
responds to a predetermined number of data slots after 
said paging flag is not detected. 
[0055] According to a fourth aspect of the invention, 
the subscriber station carries out the IF measurements 
in the predetermined time period in which no data tans- 
mission takes place and additionally also in some idle 
time intervals of a time slot when a data transmission is 
performed in a compressed mode of operation. 
[0056] According to a fifth aspect of the invention, IF 
measurements are carried out in the subscriber station 
in the predetermined time interval in which no data 
transmission takes place and additionally also in a time 
interval in which a data transmission has been deter- 
mined. In such case the subscriber station comprises a 
deletion means for deleting data arriving from the net- 
work. 

[0057] According to a sixth aspect of the invention, the 
fourth and fifth aspects can be used in combination. 
[0058] Further advantageous embodiments and im- 
provements of the invention may be taken from the de- 
pendent claims. 

[0059] Furthermore, the invention can comprise em- 
bodiments resulting from a combination of aspects and 
features which have been separately described and/or 
claimed in the description and/or the attached claims. 
[0060] Hereinafter, embodiments of the invention will 
be described with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0061] 

Fig. 1 

Fig. 2 

Fig. 3-1 
Fig. 3-2 



shows a principal overview of a telecom- 
munication system TELE comprising at 
least two different mobile communications 
systems T1 , T2 according to the prior art; 

shows a flow chart for performing an inter- 
frequency and/or inter-system handover in 
the telecommunication system TELE 
shown in Fig. 1; 

shows the constitution of data frames and 
time slots when a compressed mode of op- 
eration is used; 

shows a flow chart similar to Fig. 2 when a 
compressed mode of operation is used as 



shown in Fig. 3-1; 

Fig. 4-1 shows the provision of a field measurement 
time slot in a conventional TDM A mobile 
communication system such as GSM; 

Fig. 4-2 shows a flow chart similar as in Fig. 3-2 for 
the case when field measurements are car- 
ried out in a specific field measurement 
time slot as shown in Fig! 4-1 ; 

Fig. 5a shows a diagram illustrating a power ad- 
justment procedure between a subsriber 
station MS and a node B (base transceiver 
station RBS) according to the prior art; 

Fig. 5b shows the stepwise adjustment of the out- 
put power on the downlink OL; 



20 Fig. 5c shows a slow power control and a fast pow- 
er control resulting in the stepwise change 
of the output power in Fig. 5b; and 
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Fig. 5d shows the mapping of a measured frame 
error rate FER or block error rate BLER to 
a detta_SIR_target value; 

Fig. 6 shows a diagram for illustrating a handover 
procedure in connection with the transmis- 
sion of PN sequences from a PN sequence 
generator PNG for inter-system hando- 
vers; 

Fig. 7 shows a principle block diagram of a sub- 
scriber station MS and a network control 
means RNC according to the invention; 

Fig. 9 shows a flow chart similar to Fig. 2 for per- 
forming inter-frequency measurements ac- 
cording to the principle of the invention; 

Fig. 10 shows a first embodiment for performing in- 
ter-frequency measurements according to 
the invention; and 

Fig. 11 shows a second embodiment for perform- 
ing inter-frequency measurements accord- 
ing to the invention. 

[0062] It should be noted that throughout the drawings 
the same or similar reference numerals designate the 
same or similar steps and features. In particular, the 
units described for a conventional subscriber station MS 
and a conventional network control means RNC in Fig. 
2 are also present in the embodiments of the invention. 
Furthermore, it should be noted that the invention is not 
restricted to the specific CDMA, WCDMA, D-AMPS or 
GSM systems described above. That is, the invention 
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can be applied to" any telecommunications system 
where a handover needs to be performed between fre- 
quencies, cells and different systems. 

PRINCIPLE OF THE INVENTION 

[0063] It should be noted that handover procedures 
and IF measurements are carried out in both cases 
when a communication connection CC is set up or when 
merely a signaling connection has been set up with the 
mobile station MS in a non-active mode of operation. 
[0064] Fig. 7 shows a principle block diagram of a mo- 
bile communication system T1 according to the inven- 
tion. In addition to the units already illustrated in Fig. 1 
according to the prior art the mobile station MS accord- 
ing to the invention comprises a data transmission de- 
termining means DTDM. a paging flag monitoring 
means PFMM and a deletion means DEL Fig. 9 shows 
a principle flow diagram according to the principle of the 
invention where the data transmission determining 
means DTDM and the IF measurement means IFMM 
are employed in steps ST211, ST212. The other steps 
ST11, ST12 ; ST22, ST23, ST3 correspond to those 
steps already illustrated in Fig. 2. In particular, when it 
has been determined that there is a need for a handover 
due to a capacity or coverage reason in step ST11, 
ST12, the mobile station receives an IF measurement 
trigger signal I FTS. This signal can be generated, as de- 
scribed with reference to Fig. 1 above, by the handover 
means HORM situated in the network control means 
RNC or the subscriber station MS. That is, also in the 
principle of the invention the IF measurements are trig- 
gered by means of a network-evaluated-handover NE- 
HO or a mobile-evaluated-handover MEHO as de- 
scribed above. 

[0065] However, the aspect of the present invention 
is that a specific determination of the time interval in 
which the subscriber station MS is to carry out the IF 
measurements is' made entirely autonomously by the 
subscriber station MS in step ST211 shown in Fig. 9. In 
particular, the data transmission determining means 
DTDM is adapted to determine a predetermined time in- 
terval in which a base transceiver station RBS will not 
direct to said subscriber station MS a data transmission 
and the IF measurement means IFMM will perform the 
IF measurements in this predetermined time interval in 
which no data transmission will take place. That is, the 
subscriber station knows that there is no need to proc- 
ess data from the incoming bit stream during a prede- 
termined time interval, e.g. during a couple of time slots 
or during a complete frame, when the subscriber station 
MS has detected this "no-data period". Various possibil- 
ities exist how the subscriber station MS can autono- 
mously detect and predict such a "no-data time interval" 
in which the IF measurement means IFMM is to carry 
out the field measurements in step ST212 in Fig. 9. 
[0066] Preferably the data transmission determining 
means DTDM starts determining said predetermined 



time interval in response to said IF measurement trigger 
signal IFTS. That is, only if the output DTTS (data trans- 
mission time interval signal) is output by the means DT- 
DM and the IF trigger signal IFTS is output by a hando- 
5 ver means HORM the IF measurement means IFMM will 
start performing the IF measurements. 
[0067] Therefore, as explained above, when the net- 
work control means RNC and/or the subscriber station 
MS has decided that the subscriber station MS shall 
10 measure the signal quality on at least one other frequen- 
cy within the same system or on other systems (i.e. 
when the subscriber station has generated/received the 
IF measurement trigger signal IFTS), then the subscrib- 
er station MS performs inter-frequency signal quality 
*5 measurements when a "no-data period" is detected to 
be present for a predetermined time interval. This is 
preferably done, when the quality of service (QoS) re- 
quirements) of the present service(s) allows this. Since 
the subscriber station MS has the ability to perform 
20 measurements when no-data periods are detected, the 
subscriber station MS can achieve faster measurement 
periods on an other frequency within the same system 
or on other systems. Since measurements are carried 
out when no-data is being transmitted, the measure- 
25 ments do not influence at all the quality of service, i.e. 
they do not degrade other transmission conditions at all. 

FIRST EMBODIMENT OF THE INVENTION 

so [0068] As explained above, data transmission be- 
tween the network control means (the radio network 
controller) RNC and the base transmitter station RBS 
and the subscriber station MS can be carried out by ex- 
changing data frames FR consisting of a plurality of time 
3S slots TS1...TS15. The transmission frames FR consist 
of a control portion CP and a data portion DP Fig. 10 
shows with the steps ST21 1 ', ST21 2 a first embodiment 
of the invention where the determination of the no-data 
time interval is made by evaluating data within the time 
40 slots. 

[0069] In the first embodiment the data transmission 
determining means DTDM is adapted to determine the 
power ratio of the information contained in the data por- 
tion DP to the information contained in the control por- 

*s tion CP The data transmission determining means com- 
prises a power estimation means adapted to determine 
that no-data transmission will take place in a time inter- 
val corresponding to a predetermined number of data 
frames or data slots following the output of the IF meas- 

50 urement trigger signal IFTS, if the determined power ra- 
tio is below a predetermined power ratio. 
[0070] It is possible that the data transmission deter- 
mining means DTDM or the power estimation means 
thereof performs the determination of the power ratio 

55 and the comparison of the power ratio with a predeter- 
mined power ratio in a plurality of siots or a complete 
frame. When in one time slot (or several succeeding 
time slots) a power ratio is determined which is below a 
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predetermined power threshold, then the subscriber 
station MS estimates that presently, at least for the 
number of succeeding time slots or frames, no-data 
transmission will take place from said network control 
means RNC and the base transmitter station RBS. 
Therefore, the predetermined time interval determined 
in step ST21V corresponds to at least one time slot or 
frame following the time slot in which the power ratio 
determination has been performed. Preferably, the time 
interval corresponds to several time slots or several 
frames following the time slot in which the determination 
has been made. After determining the time interval, in- 
ter-frequency measurements are carried in the sub- 
scriber station MS in step ST212 in this time interval. 
[0071] As explained above, the control portion CP 
consists at least of pilot symbols PS (and almost always 
of additional control symbols CS). In the case of a com- 
munication on a dedicated physical channel, at least the 
pilot symbols are transmitted, even if there is no data to 
transmit Therefore, preferably the data detransmission 
determining means DTDM evaluates the ration between 
the power of the data symbols and the power of the pilot 
symbols and when this ratio is below a predetermined 
power threshold, then the subscriber station MS esti- 
mates that a couple of time slots or frames following the 
evaluation time slot will carry no-data. 
[0072] Preferably, a couple of time slots or frames are 
evaluated, i.e. in a couple of succeeding time slots the 
ratio of the power of the data symbols to the power of 
the pilot symbols is determined and only if this power 
ratio is below the predetermined threshold over a 
number of successive time slots, the data transmission 
determining means DTDM will finally decide that a pre- 
determined number of time slots or frames after the last 
evaluated time slot no-data transmission is planned by 
the network control means RNC. Therefore, completely 
autonomously the subscriber station MS can determine 
a predetermined time interval in which said IF measure- 
ment means IFMM is to carry out the field measure- 
ments. 

[0073] It is also possible that the data transmission 
determining means DTDM does not evaluate a number 
of successive time intervals but uses for the power ratio 
evaluation a number of periodically occuring time slots. 
It is also possible that the DTDM means first evaluates 
a number of quite densely distributed time slots, i.e. a 
first, third, fifth and seventh time slot and thereafter only 
choses every third or fourth time slot to make sure that 
the estimation regarding the no-data transmission is in- 
deed prevailing for the longer period of time, before the 
actual IF measurements are started. It is also possible 
that the DTDM means again evaluates time slots when 
the IFMM means already carries out the measurements 
in order to make sure that no data transmission has 
started in the meantime. 

[0074] If said mobile communication system is a CD- 
MA or WCDMA communication system, said predeter- 
mined number of time slots which are being evaluated 



with respect :o the power ratio is in the range between 
5 and 110 slots. If the mobile communication system is 
a TDMA or FDMA communication system, said prede- 
termined number of time slots is in the range between 
s 1 0 and 1 28 slots corresponding to roughly 1 0 complete 
data frames. 

[0075] It is also possible, that the predetermined 
number of data frames or data slots corresponding to 
the time interval in which the measurements are to be 
to carried out are communicated back to the network con- 
trol means RNC for further processing. For example, if 
the subscriber station MS estimates that no-data trans- 
mission will take place for e.g. 10 data frames or data 
slots and the network control means RNC determines 
15 that actually data transmission is not planned for at least 
15 data frames or data slots, an information can be 
passed to the subscriber station MS that the IF meas- 
urement can be carried on for another 5 data frames or 
data slots. Alternatively, if actually only 5 data frames or 
20 data slots are not used for a data transmission, the net- 
work control means RNC can pass an information to the 
subscriber station MS which indicates that the estimated 
time interval needs to be shortened. 



[0076] The detection (estimation) of a predetermined 
time interval in which no-data transmission is directed 
to the subscriber station MS from the base transceiver 

30 station RB3 by evaluating the power ratio is a particu- 
larly advantageous embodiment if a communication 
connection CC is already established between the mo- 
bile station MS and the network control means RNC. 
However, field measurements for a possible handover 

35 also need to be carried out if the mobile station is merely 
registered in the mobile communication system and only 
a signalling communication is established between the 
network and the mobile station MS. The detection of a 
no-data transmission period when only a signalling com- 

40 munication is present in a non-active mode of operation 
is explained below as a second embodiment of the in- 
vention. 

[0077] As shown in Fig. 11, in step ST211 1 ' the sub- 
scriber station MS is in a non-active but registered op- 

45 eration state and it is held in this state by a standby or 
non -active -mode operation means SOM. In such a sit- 
uation at least a signalling communication is established 
between the subscriber station MS and the base trans- 
ceiver station RBS. In such a situation, as explained 

50 above with reference to Fig. 1 , a paging flag sending 
means PFSM of the network control means RNC can 
send a paging flag in order to indicate to the subscriber 
station MS a pending call. 

[0078] According to the second embodiment of the in- 
ss vention the subscriber station MS can comprise a pag- 
ing flag monitoring means PFMM which is activated 
when the subscriber station is in an non-active-mode of 
operation as commanded by the means SOM via the 
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standby or non-active signal STB. In such a state the 
paging flag monitoring means PFMM monitors the 
transmission of a paging flag PF from the base trans- 
ceiver station RBS in step ST21 1 \ When the paging flag 
monitoring means PFMM determines no transmission s 
of a paging flag PF from the network, it communicates 
this via a paging flag detection signal PFDS to the data 
transmission determining means DTDM. Therefore, 
when the signalling communication is established and 
no paging flag PF is detected, the data transmission de- to 
termining means DTDM will determine that a data trans- 
mission will not take place in a time interval correspond- 
ing to a predetermined number of time slots or data 
frames after the determination has been made. That is, 
the paging flag monitoring means monitors the signal- 1S 
ling communication and if the paging flag is detected, it 
will suspend the inter-frequency measurements. How- 
ever, if at a particular measurement time point no paging 
flag is detected, then the PFMM means estimates that 
for a time period corresponding to a plurality of time slots 20 
or data frames following said measurement time point 
no-data transmission will actually take place. 
[0079] Therefore, in step ST21 2 the iFMM means per- 
forms the IF measurements in response to the control 
signal DTTS output by the DTDM means. 25 
[0080] Furthermore, as explained above, the DTDM 
means as well as the PFMM means can start their op- 
eration in response to the generated or received (from 
the network) IFTS signal. However, it is also possible 
that the trigger signal IFTS is generated/received and 30 
only a small time period later the DTDM means and/or 
the PFMM means start operating. 
[0081] In a CDMA or WCDMA communication system 
the predetermined number of data slots following the 
measurement time point regarding the paging flag can 
be between 5 and 1 10 data slots. If said mobile commu- 
nication system is a TDMA or FDMA communication 
system, the predetermined number of data slots follow- 
ing the measurement time point can be in the range be- 
tween 10 and 128: 

[0082] It should also be noted that other information 
on the signalling channel in addition or instead of the 
paging flag can be used in order to make such a deter- 
mination of a no-data transmission. If the respective in- 
formation and/or the paging flag is not set, there is a 
high likelihood that no data transmission is planned for 
a certain time interval. Therefore, the IF measurements 
means IFMM can always perform inter-frequency meas- 
urements during a predetermined period of time in which 
no such data transmission is expected. 

THIRD EMBODIMENT OF THE INVENTION 

[0083] As explained with reference to Fig. 1 , the data 
transmission between the network control means RNC 
and the subscriber station MS can also be carried out 
in a compressed mode of operation where transmission 
data in the data portion DP in at ieast one time slot is 



compressed such that an idle time interval IT is provided 
in said time slot, whereby no-data transmission occurs 
in said idle time interval. On the other hand, the sub- 
scriber station MS contains a com press ion -mode detec- 
tion means CMDM detecting data transmission in said 
compressed mode. 

[0084] According to the third embodiment of the in- 
vention the time interval in which said IF measurements 
are to be carried out corresponds to a predetermined 
number of time slots or data frames for which no-data 
transmission is detected (e.g. by evaluating the power 
or after the PFMM means has performed a check on the 
signalling communication regarding the transmission of 
a paging flag) plus a number of idle time portions IT of 
data frames or data slots where data transmission is car- 
ried out in a compressed mode. As shown in Fig. 7, the 
IF measurements means carrys out the IF measure- 
ment in response to the compressed mode trigger signal 
CMTS and the data transmission time intervaJ signal 
DTTS. 

[0085] For example, when the date transmission de- 
termining means DTDM has determined that no data 
transmission will take place for a number of time slots 
or data frames after the detection time point, IF meas- 
urements will be carried out in the time interval and - if 
a compressed mode of operation is selected for the data 
transmission - the IF measurements are also carried on 
in the idle time period IT of the compressed mode data 
slots. 

FOURTH EMBODIMENT OF THE INVENTION 

[0086] According to the fourth embodiment of the in- 
vention the IF measurements can also be carried out 
when the actual data transmission starts again. That is, 
first the DTDM means detects or estimates a predeter- 
mined time interval in which no^data transmission can 
be expected from the network control means RNC or 
the base transmitter station RBS. In order to carry out 
the measurements also in an additional time interval 
where a data transmission takes place from the base 
transceiver station RBS to the subscriber station MS, 
the data transmission determining means DTDM is fur- 
ther adapted to determine an additional time interval in 
which said base transceiver station RBS directs a data 
transmission to said subscriber station MS. Further- 
more, the subscriber station MS contains a deletion 
means DEL for deleting data which arrives in this addi- 
tional time interval which has been determined as a da- 
ta-transmission period. 

[0087] There are various possibilities how the re- 
newed transmission of data can be detected by the data 
transmission detection means DTDM. For example, the 
DTDM means may continously monitor the power ratio 
of data symbols to pilot symbols and if the power ratio 
exceeds the determined threshold, the renewed data 
transmission is detected. In this case, the IF measure- 
ments are first carried out in the predetermined time in- 
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terval (a number of time slots or data frames) and sub- 
sequently also in the additional time interval in which 
data transmission takes place, the data of which how- 
ever is deleted by the deletion means DEL in the sub- 
scriber station MS. In this case, the deletion means DEL 
signals the IF measurment means IFMM an additional 
time interval by means of the additional time interval in- 
dication signal DTS. 

FIFTH EMBODIMENT OF THE INVENTION 

[0088] The following combinations of the afore-men- 
tioned embodiments are possible. It is possible to first 
carry out the IF measurements in a no-data transmis- 
sion period, to continue the IF measurements when data 
transmission in compressed mode is detected and to 
further continue the measurements if also a data trans- 
mission is re-detected. In this case, the data transmis- 
sion detection can be based on the power ratio deter- 
mination or the paging flag determination. 
[0089] Furthermore, it is also possible to start the IF 
measurements first in the compressed mode of opera- 
tion, i.e. in the idle time intervals IT of the compressed 
data portions DR If so, the data transmission determin- 
ing means DTDM can determine the ratio of the power 
of the (compressed) data to the power of the pilot sym- 
bols (or the power of the control portion CP) and can 
determine that a number of time slots or frames after the 
evaluation time slot no-data transmission will take place 
when the power ratio falls below the predetermined 
power threshold. 

[0090] It is also possible that first a predetermined 
number of frames on a signalling communication are 
used for the IF measurements and the measurements 
are continued if a paging flag is detected but the actual 
data transmission only takes place after a further time 
period. That is, normally, it is immediately assumed that 
a detection of the paging flag PF indicates a subsequent 
data transmission. However, there may be a delay until 
the actual data transmission starts and this time period 
can also be used for the IF measurements since there 
is no data transmission. Therefore, even after detecting 
the paging flag PF the data transmission determing 
means DTDM may evaluate the power ratio in a couple 
of time slots or data frames and once more estimate a 
number of time slots or data frames in which no-data 
transmission even after detection of a paging flag PF is 
estimated. Therefore, even after the detection of a pag- 
ing flag PF the IF measurement may be carried on for 
a predetermined time interval. 

INDUSTRIAL APPLICABILITY 

[0091] As explained above, according to the present 
invention the subscriber station MS autonomously mon- 
itors a connection (signalling a connection or communi- 
cation connection) and estimates that no-data transmis- 
sion is planned by the network control means or the 



base transmitter station for a predetermined time inter- 
val after the monitoring start time point of the connec- 
tion. 

[0092] Such a time interval determining procedure 

5 can be applied to any mobile communication system in- 
dependent of the specific technical implementation of 
the mobile communication system. 
[0093] Furthermore, it should be noted that the 
present invention is not limited to the examples and em- 

10 bodiments described herein. A skilled person can derive 
further embodiments on the basis of the teachings dis- 
closed herein. Therefore, other modifications and imple- 
mentations on the basis of the present disclosure and 
the claims are to be construed to fall under the scope of 

is the attached claims. 

[0094] As mentioned above, the invention may also 
comprise embodiments consisting of steps and/or fea- 
tures which have been separately described in the de- 
scription or claimed in the claims. 

20 [0095] Reference numerals in the claims only serve 
clarification purposes and do not limit the scope of pro- 
tection. 



25 Claims 

1 . Subscriber station (MS) of a mobile communication 
system (GSM; WCDMA) including an inter-frequen- 
cy (IF) measurement means (I FMM) adapted to per- 

30 form IF measurements, characterized by a date 
transmission determining means (DTDM) adapted 
to determine a predetermined time interval in which 
a base transceiver station (RBS) will not direct to 
said subscriber station (MS) a data transmission, 

3S wherein said IF measurement means (IFMM) is 
adapted to perform said IF measurements in said 
predetermined time interval. 

2. Subscriber station (MS) according to claim 1 , 
40 characterized in that 

said data transmission determining means (DTDM) 
is adapted to start determining said predetermined 
time interval in response to an IF measurement trig- 
ger signal (IFTS). 

45 

3. Subscriber station (MS) according to claim 2, 
characterized in that 

said IF measurement trigger signal (IFTS) is gener- 
ated by an IF handover request means (HORM) 
so when said IF handover request means (HORM) de- 
termines (NEHO; MEHO) that transmission condi- 
tions in said mobile communication system neces- 
sitate an IF handover of said subscriber station 
(MS). 

55 

4. Subscriber station (MS) according to claim 3, 
characterized in that 

said I F handover request means (HORM) is located 
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in said subscriber station (MS) and is adapted to 
output said IF measurement trigger signal (IFTS) in 
response to determining a mobile-evaluated 
handover (MEHO). 

5. Subscriber station (MS) according to claim 2, 
characterized in that 

a data transmission between said base transceiver 
stations (RBS) and said subscriber station (MS) is 
carried out by transmitting data frames (FR) where- 
in said predetermined time interval corresponds to 
at least one data frame. 

6. Subscriber station (MS) according to claim 5, 
characterized in that 

said transmission frames (FR) consist of a control 
portion (CP) and a data portion (DP), wherein said 
data transmission determining means (DTDM) is 
adapted to determine the power ratio of the infor- 
mation contained in the data portion (DP) to the in- 
formation contained in the control portion (CP) and 
comprises power estimation means adapted to de- 
termine that no data transmission will take place in 
a time interval corresponding to a predetermined 
number of data slots or data frames following the 
output of said IF measurement trigger signal, if said 
power ratio is below a predefined power ratio. 

7. Subscriber station (MS) according to claim 2, 
characterized by 

an active-mode operation means (SOM) adapted to 
hold the subscriber station (MS) in a non-active op- 
eration mode in which at least a signalling commu- 
nication is established between said subscriber sta- 
tion (MS) and said base transceiver station (RBS), 
and a paging flag monitoring means (PFMM) adapt- 
ed to monitor the transmission of a paging flag (PF) 
from said base transceiver station (RBS) to said 
subscriber station (MS), wherein, when said paging 
flag monitoring means (PFMM) determines no 
transmission of said paging flag (PF), said data 
transmission determining means (DTDM) deter- 
- mines that a data transmission will not take place in 
a time interval corresponding to a predetermined 
number of data slots after detecting said paging flag 
(PF). 

8. Subscriber station (MS) according to claim 6 or 7, 
characterized in that 

said mobile communication system is a CDMA or 
WCDMA communication system and said predeter- 
mined number of data slots is in the range between 
5 and 110 slots. 

9. Subscriber station (MS) according to claim 6 or 7, 
characterized in that 

said mobile communication system is a TDMA or 
FDMA communication system and said predeter- 



mined number of data slots is in the range between 
10 and 128 slots. 

10. Subscriber station (MS) according to claim 6 or 7, 
5 characterized in that 

said predetermined number of data slots is commu- 
nicated to said subscriber station (MS) from said 
network control means (RNC). 

to 11. Subscriber station (MS) according to claim 6 or 7, 
characterized in that 

said data transmission between said subscriber 
station (MS) and said base transceiver station 
(RBS) is carried out in a compressed mode by com- 
pression of transmission data in said data portion 
(DP) in at least one time slot such that an idle time 
interval is provided in said time slot where no data 
transmission occurs, wherein said subscriber sta- 
tion (MS) contains a compression-mode determin- 

20 ing means (CMDM) for determining data transmis- 
sion in said compressed mode and wherein said 
predetermined time interval corresponds to a 
number of data frames where no data transmission 
takes place and a number of idle time portions (TT) 

25 of data slots where data transmission Js carried in 
a compressed mode. 

12. Subscriber station (MS) according to claim 1 or 11, 
characterized in that 

30 said data transmission determining means (DTDM) 
is further adapted to determine an additional time 
interval in which said base transceiver station 
(RBS) directs a data transmission to said subscriber 
station (MS). 

35 . 

13. Subscriber station (MS) according to claim 2, 
characterized in that 

said IF measurement means (IFMM) also carries 
out measurements in said additional time interval 
40 where a data transmission takes place from said 
base transceiver station (RBS) wherein said sub- 
scriber station (MS) contains a deletion means 
(DEL) for deleting the data which arrives in said ad- 
ditional time interval. 

4 $ 

14. Method for performing inter-frequency (IF) meas- 
urements (ST21; ST21"; ST21 n ") in a subscriber 
station (MS) of a mobile communication system 
(GSM; WCDMA), 

so characterized by the steps ofdetermining (ST21 1 ; 
ST21V; ST211") a predetermined time interval in 
which a base transceiver station (RBS) will not di- 
rect to said subscriber station (MS) a data transmis- 
sion; and performing (ST212) said IF measure- 
rs ments in said predetermined time interval. 

15. Method according to claim 14, 
characterized in that 
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said determining of said predetermined time inter- 
val is performed in response (ST1 3) to an IF meas- 
urement trigger signal (IFTS). 

16. Method according to claim 15 t 
characterized in that 

it is determined (ST11, ST21) whether transmission 
conditions in said mobile communication system 
necessitate an IF handover of said subscriber sta- 
tion (MS) and said IF measurement trigger signal 
(IFTS) is generated when an IF handover is neces- 
sary (NEHO; MEHO). 

17. Method according to claim 16, 
characterized In that 

said determining (NEHO) whether said transmis- 
sion conditions necessitate (ST12) an IF handover 
of said subscriber station (MS) is carried out (ST11 ) 
by said network control means (RNC) and said IF 
measurement trigger signal (IFTS) is transmitted 
(ST1 3) from said network control means (RNC) of 
said mobile communication system to said sub- 
scriber station (MS) via a base transceiver station 
(RBS). 

1 8. Method according to claim 1 6, 
characterized in that 

said determining (MEHO) whether said transmis- 
sion conditions necessitate (ST12) an IF handover 
of said subscriber station (MS) is carried out (ST11 ) 
by said subscriber station (MS) and said IF meas- 
urement trigger signal (IFTS) is generated (ST13) 
by said subscriber station (MS). 

1 9. Method according to claim 1 5, 
characterized in that 

a data transmission between said base transceiver 
stations (RBS) and said subscriber station (MS) is 
carried out by transmitting data frames (FR), where- 
* in said predetermined time interval for which it is de- 
termined whether a data transmission will be per- 
formed or not is a time interval corresponding to at 
least one data frame or data slot. 

20. Method according to claim 1 9, 
characterized in that 

said transmission frames (FR) consist of a control 
portion (CP) and a data portion (DP), wherein the 
power ratio of the information contained in the data 
portion (DP) to the information contained in the con- 
trol portion (CP) is determined (ST21V) and it is de- 
termined (ST21V) that no data transmission will 
take place in a time interval corresponding to a pre- 
determined number of data frames or data slots fol- 
lowing the output of said IF measurement trigger 
signal, if said power ratio is below a predefined pow- 
er ratio. 



21- Method according to claim 15, 
characterized In that 

in a non-active operation mode of said subscriber 
station (MS) in which at least a signalling commu- 

5 nication is established between said subscriber sta- 

tion (MS) and said base transceiver station (RBS), 
a transmission of a paging flag (PF) from said base 
transceiver station (RBS) to said subscriber station 
(MS) is monitored (ST211") in said subscriber sta- 

io tion (MS), wherein when no transmission of said 
paging flag (PF) is detected, is is determined 
(ST21 1 ') that a data transmission will not take place 
in a time interval corresponding to a predetermined 
number of data frames or data slots after detecting 

is said paging flag (PF). 

22. Method according to claim 20 or 21 , 
characterized In that 

said mobile communication system is a CDMA or 
20 WCDMA communication system and said predeter- 
mined number of data slots is in the range between 
5 and 110 slots. 

23. Method according to claim 20 or 21 , 
25 characterized in that 

said mobile communication system is a TDMA or 
FDMA communication system and said predeter- 
mined number of data slots is in the range between 
10 and 128 slots. 

30 

24. Method according to claim 20 or 21 , 
characterized in that 

said predetermined number of data slots is commu- 
nicated to said subscriber station (MS) from said 
35 network control means (RNC). 

25. Method according to claim 20 or 21 , 
characterized in that 

in a compressed mode of operation data in said da- 
*o ta portion (DP) in at least one time slot of a data 
frame is compressed (ST21 ') in said network control 
means (RNC) such that an idle time interval (IT) is 
provided in said time slot where no data transmis- 
sion occurs, wherein a data transmission in said 
45 compressed mode is detected (ST21 ") in said sub- 
scriber station (MS) and wherein said predeter- 
mined time interval corresponds to a number of data 
frames or time slots where no data transmission 
takes place (ST21 1 ; ST21 1 ') as well as a number of 
50 idle time portions of data frames where data trans- 
mission is carried in a compressed mode (ST21"). 

26. Method according to claim 14, 
characterized in that 

ss an additional time interval is determined in which 
said base transceiver station (RBS) directs a data 
transmission to said subscriber station (MS). 
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27. Method according to claim 26, 
characterized in that 

said IF measurements are also carried out in said 
additional time interval where a data transmission 
takes place from said base transceiver station 
(RBS) wherein the data which arrives in said addi- 
tional time interval from said network control means 
(RNC) is discarded in said subscriber station (MS). 

28. Mobile communication system (GSM; WCDMA) 
comprising at least one subscriber station (MS) in- 
cluding an inter-frequency (IF) measurement 
means (IFMM) adapted to perform IF measure- 
ments and at least one base transceiver station 
(RBS) for performing data transmissions with said 
subscriber station; 

characterized by said subscriber station (MS) 
comprising a data transmission determining means 
(DTDM) adapted to determine a predetermined 
time interval in which a base transceiver station 
(RBS) will not direct to said subscriber station (MS) 
a data transmission, wherein said IF measurement 
means (IFMM) is adapted to perform said IF meas- 
urements in said predetermined time intervaL 

29. System according to claim 28, 
characterized by 

said data transmission determining means (DTDM) 
of said subscriber station (MS) is adapted to start 
determining said predetermined time interval in re- 
sponse to an IF measurement trigger signal (IFTS). 

30. System according to claim 28, 
characterized in that 

said IF measurement trigger signal (IFTS) is gener- 
ated by an IF handover request means (HORM) 
when said IF handover request means (HORM) de- 
termines (NEHO; MEHO) that transmission condi- 
tions in said mobile communication system neces- 
sitate an IF handover of said subscriber station 
(MS). 

31. System according to claim 30, 
characterized by 

a network control means (RNC) including said IF 
handover request means (HORM) adapted to trans- 
mit said IF measurement trigger signal (IFTS) to 
said subscriber station (MS) via a base transceiver 
station (RBS) in response to determining a network- 
evaluated handover (NEHO). 

32. System according to claim 28, 
characterized in that 

said mobile communication system is a CDMA or 
WCDMA communication system and said predeter- 
mined number of data slots is in the range between 
5 and 110 data slots. 



33. System according to claim 28, 
characterized in that 

said mobile communication system is a TDMA or 
FDMA communication system and said predeter- 
5 mined number of data slots is in the range between 

10 and 128 data slots. 

34. System according to claim 28, 
characterized in that 

10 said network control means (RNC) is adapted to 
communicate a predetermined number of data slots 
to said subscriber station (MS) as said time interval. 

35. A mobile communication system comprising at least 
is one base transceiver station (RBS) and at least one 

subscriber station (MS) according to one or more of 
claims 1-13. 

36. Subscriber station (MS) of a mobile communication 
20 system (GSM; WCDMA), in which data transmis- 
sions are carried out between at least one base 
transceiver station (RBS) and said subscriber sta- 
tion (MS) via data frames (FR) having a control por- 
tion (CP) and a data portion (DP), including an inter- 
ns frequency (IF) measurement means (IFMM) adapt- 
ed to perform IF measurements in response to an 
IF measurement trigger signal (IFTS) and an IF 
handover request means (HORM) for generating 
said IF measurement trigger signal (IFTS) when it 

30 is determined (NEHO; MEHO) that transmission 
conditions in said mobile communication system 
necessitate an IF handover of said subscriber sta- 
tion (MS); characterized by a data transmission 
determining means (DTDM) adapted to determine 

35 jn a data frame received from the base transceiver 
station (RBS) the power ratio of the information con- 
tained in the data portion (DP) to the information 
contained in the control portion (CP) and to deter- 
mine that no data transmission will take place in a 

40 time interval corresponding to a predetermined 
number of data frames or data slots following the 
output of said IF measurement trigger signal, if said 
power ratio is below a predefined power ratio, 
wherein said IF measurement means (IFMM) is 

45 adapted to perform said IF measurements in said 
predetermined time interval. 

37. Subscriber station (MS) of a mobile communication 
system (GSM; WCDMA) having a non-active oper- 

50 ation mode in which at least a signalling communi- 
cation is established between said subscriber sta- 
tion (MS) and a base transceiver station (RBS), in- 
cluding an inter-frequency (IF) measurement 
means (IFMM) adapted to perform IF measure- 

55 ments in response to an IF measurement trigger 
signal (IFTS) and an IF handover request means 
(HORM) for generating said IF measurement trigger 
signal (IFTS) when it is determined (NEHO; MEHO) 
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that transmission conditions in said mobile commu- 
nication system necessitate an IF handover of said 
subscriber station (MS); characterized by a paging 
flag monitoring means (PFMM) adapted to monitor 
the transmission of a paging flag (PF) from said s 
base transceiver station (RBS) to said subscriber 
station (MS) in a non-active mode of operation, 
wherein, when said paging flag monitoring means 
(PFMM) determines no transmission of said paging 
flag (PF), a data transmission determining means io 
(DTDM) determines that a data transmission will not 
take place in a time interval corresponding to a pre- 
determined number of data frames or data slots af- 
ter detecting said paging flag (PF), wherein said IF 
measurement means (IFMM) is adapted to perform is 
said IF measurements in said predetermined time 
interval. 
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FIG.ll 
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